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(54) MUSICAL SOUND GENERATOR 

(57)Abstract: 

PURPOSE: To generate musical sound having rich 
expression and varieties by controlling the parameters of 
a khaos sound source in real time and generating 
waveform shapes which vary stepwise in accordance 
with the parameter values. 

CONSTITUTION: Parameters of a function (f) of a 
kahos sound source, which generates waveform data 
columns, are controlled in real time by a dynamic 
system that is varied in accordance with Xn of a 
difference equation Xn+1 =f (Xn) at time n (n=0,l,2,...). 
Namely, a delay circuit 101 of a kahos oscillator delays 
input data for equivalent to one period of a sampling 
clock and outputs them. In a function generator 102, the 
function (f) is applied to input data X and output data f 
(X) are outputted. A compensation circuit 103 performs 
a nonlinear conversion to the input data and outputs 
them as musical sound data and the output of the circuit 
103 is also inputted to the circuit 101, 
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§§2 0 10tB;fjax(c;£icb (;5:*, i5i?^<DMl:©^cJ?) 
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^IS[a = 0O^^<£^-r. JlOt^tt, ffiitOA 0 0 4tt-5-CDf&^jgf^S;^ffltWfi1f«StB*-r*. 
*tC*ftTStiMttVi#7kD 09O(iii) 10 C^fiWStt. iF«EG 1 0 1 2, *:t;^!«Sg§l 0 0 

a^mtm^zcj^^tuMmwsbxiRM-r^o m9m [0062] :htx^m^i 0 0 so^ay 

c^'^'^iAzmnhr^. msmiy) «. m^a<-i 101, jn^iii 102, mw^i 103. uamsi 1 

0«-&S:^-r. ZlOtS, Jg1Sffltt*0|6^*M$Ji;^S 0 4, ajiSl^l 10 5, :fo^U=i:-y:xam^l 1 0 6 

[0 0 5 5] ::o^i©ilii0imi, HioH^^^sg [ooes] mwmi 102, sgtgii 103, is^u 

1 0 20yt7^-:5'*U7;W^"f A3>hD-;PUTVi in^ggll0 4tt, 01®Wi:fg±^l 0 2{C*f^L, 

RI»liS^Sl 0 2OA7^-:?<!:tt, m«02 02 (a) tl^^O-^^cMifttRJICSff^^. ^CDMSctt 

(a) 0«^iK:feS#^a■^^Sb, 02 (b) (DM^fS: 20 f (x) =ax + b= (aEG(t) +aofs ) x + btfe 
S^iCal , mWa2 . ■^^bi^t*Ta5-5. ^Itl^Sr'J ^, aEG(t) «*:tXEG 1 0 1 3d^e.-^;ic.en5/t^ 

xyy«j{r^S:g:|5gjc:bfcoT^^l;-r-5J;57a:3!fi#©iP aofs «^^^4I§11 0 l!0ie,^^e.n^;t7-fe 

[0 0 5 6] ^Jx.f^, ±I5O04~0 8©MT?. ^g:b [0 0 6 4] :t7-fe>;/ hfitaofs ^X>^D-7'fli aEG 

SSSfiItt, «SS:a*lJ;D;^#Viffi*^5lST^^ (t) tJin^bT^|^a$;^^gT^^i:tc=k^T, #ica 

j^x-^'ojgfsM^, 08 (b) -*07 (b) -*06 0. mi]-^n?>mmm^±y^<Dm4 (b) 

(b) ^05 (b) (O^o\z^{t-r?>. m\zfi?,::ti!)^ti\^^^^\zhT^^^. 

[0 0 5 7] Tfsit)-^. ti^mtmmm(DmrLm<Diz^^^ 30 [o 0 e 5] ^v^-piiii^i 1 0 6«, 0 1 ©mjeisik 

/'rxj5g4j-;o^^< (08 (b) ) , ^.-mzmmmo^mn 1 0 sizMit^t^, ^>?-id(piki 1 0 ea, 03 

jiO/jN$Viy-rXt;ft:3T<.i# (0? (b) ) . 'Alzm (a) ©tv'a.PSIS^fT^Sip, jiSHIi^l 1 0 5 li. 

^j5:^sis#3fiTisn«)<«S[|gc**-r2> j;'5fct«j^x 0 1 oaEnK 1 0 1 izMf^t^. mmm^i los 

-^t^mti-^n (06 (b) ) , mwzmm-^cDm «, wsi^i^ayi; (D->'f^j>ifi7ayi7) 4>s (D~m 

^^^^-r^^my"-:^ tfi^ (05 (b) ) , ;i©ct m^fzi-fAti^-^^mm-^'&^c 

•5i3, »CDJg<^*Ux>>:/WlC^^a|igfIbfcoT^ [0 0 6 6] ^^^%±§g 1 1 0 1 H. i^m^l 0 0 3, 

[0 0 5 8] 01Ott, Z(D^m<D^2(Dmmmizm?> t, ^tlSUfSUX^fcaofs . b$tB:>jt--5. :in\z 

[0 0 5 9] z(Dm^mmt. mmmi^^i o o i, ^ [o o e ?] mm^nTi^y^m^^ntzm^u. m 

^7.-(yJ- (SW) 1 0 02. ItmSl 0 0 3, ■^^ntz\f.y^\Zl^^ZxmWih(Dm.^Wi'&-tn\t^\\ 

1 0 0 4, fs:^7.%m.^l 0 0 5, KHIK 1 00 [0 0 6 8] C:©01 lCD;!!;:tX^Ji|gl 0 0 5 ©fgJi 

6, ^i[|§l 0 0 7, =f^'J^)V7^)V^l 0 0 8, »f^tj, ±Sfi®^ 1 0||Jfi«RlTSi?ILfc©t 

;^IEI8I1 0 0 9. x-r viJ';i'7±n^ (D/A) mm mmxh^. 04~0 9T'ijSBJb7t^MI!jf^©Mt>-€-O 

10 10, 1i-':7>h-->XxAl Oil. ^ftx>^P- **feT«a6S;i<!:dtT^^. 

7'>^i^l^-:J' (EG) 1 0 1 2, *5j;tJt;«;:t7.EGl [0 0 6 9] 01 0©;)fj:t7.EG 1 0 1 3*^e.tB*$n 

0 1 3 <£fl|^TVi?). 01 l^Jn^fgl 1 0 2fc:A:^f SXV^D-T'filaEG 

[0 0 6 0] m.mM^^ 1 0 0 ni. :x—^t^T^mmfF- (t) \t. mA.\t. 0 1 3 \z^^-r^o\zmmm):.-r^n 

r5^i&CDj$f^i^T-i&-5, :i;iT«iSS<i:f ^. a— if 50 ^^-^'T'*?). 013 (a) ~ (c) JC^V^T. mm 
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[0 0 7 0] 01 3 (a) <Dif yy 130 l\t. ^WHZ 

311 0 0 10||<&JfTbfcl^^*vf.^$&$tl-5. COi^ 
771 3 0 10J;'5t3^{b-r^X>^D-yjiaEG(l) 
$01 10*;f;^%lgSg{iA:^3-r-5<i:, ttJ:^Sti§» 
■r-^«, ^IScaO^-fbtClSUT, ±iebfc08 (b) 
-»07 (b) -*06 (b) -»05 (b) C!)J;5tc:^^b-r 
-SJlii;^^. 01 3 (a) <D.^^^(D^yy 1 3 0 2(D 10 

[0 0 7 11 013 (b) ©i^771 3 0 3«> ^-iflC 

i'&±dtoTV><x>^p-yTa&'5. Jioi^^^ia 

0 3 0J;5lr^ffc:-r^x>^D-yfilaEG(t) ^01 1 

tt. ^l&a^^lkJC^&UT, ±3$L;fc05 (b) ^06 
(b) -*07 (b) -*08 (b) <D^o\zmt-r^Zt 

[0 0 7 2] 013 (c) ©^y71 3 0 4tt, tti^jSt 20 
Jgx-i5'/6i05 (b) -»06 (b) -*07 (b) (D^o 

T:^fifebfcx>'>ca-y-e*5. iS*©KF^l 3 1 IT 
tt. liJD$*^J±^W/h$ViOT05 (b) CDj;p;5:{iJ:^ 
*^{t|!fWfi<«E<o J^CCOKFbII 3 1 2T«06 (b) £D 
^OfS.mtJ> ifcOEPpU 3 1 3Tt40 7 (b) (D^^fS. 

mt\,^^i:5\zmt-r^c 

[0 0 7 3] :i<D^t>\Z-r^t. MmmzmS (b) <d 

^izmrc^co^Tii^C'^-rKfs.^. 

[0 0 7 4] fft;01 0 <£#figbT, Jt;:tXEG 1 0 1 

fc^SUT. ±Mi(^0i 3Ti5l;BJLfcJ;3^B#fBl^{kr^ 
X>^n-yfflaEG(t) $tij;'jT-5. *^7.^S^10 
.0 5«, iS'^^f^lflg, iffi1»$8. 45ctDtX>'<n-7'fi| 
aEG(t) mux, «J^x-i?*ai;bf -5. 
[0 0 7 5] *:e-Xf81i«l 0 0 Zi)-^^\ii-h^nitWLl^ 

x-^J'is, *-;i'KiHissi 0 0 Q \zxts-ri>o 

ESS 1 0 0 6 -t)->7'U >^^«$|^<f)s J; DfiV^J^2fe 40 

r-iS' OK§I ^rma^fri* 3 d <>: t fe5 , 
[0 0 7 6] 4^-;H>*I5I8&l 0 0 6CDXt>(Dm^m-VL 
PF (D-A'7.7^;i/^) lzm-TJ:of3:^t\tf7f3i^X 

^£*fie-r*c:<!:dJT#-5, mz. m(.(Dv'^'j^)vy^ 

1 0 0 8rt6!)BPF (>'\*>hV'?7.7i';P^OQ*ii 50 
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\Z'{^^Z.ti)^-Qt^. Uii. F I R7-i';p^^fflViT|Bl 

[0 0 7 7] 7}N-;PH[flIS§l 0 0 &<D\hfl\t. mW-mi 

0 0 7 {c:A;^7f WfiE G i o i 2 tt. 

1 0 0 3. 1 0 04)6^6 0+-:i->ffi^. ^y5^i»$g. 

*ck(yfiFeif^*A*L, j:n^{3;£:i;fci^*x>^p 

-yVEGd) $tiiAt--5. 
[0 0 7 8] 1 0 0 7 HiMlM 1006 

*^e)®jSjex-r5'<!i:^l;X>'^D-yVEG(t) ir^Sff 
•rSilifcJ:?), »x-i5'{;x>^o-7'$#^t* 

mn^i 0 0 7 0ta:^ (x>^D-:/*#J^bfcS^ 

J^r-:J') «. •T'f 5?:J';i/7-f 1 0 0 8 CAr^T 

[0 0 7 9] 01 x^-:?^;^7^';^^ i o o 8© 
:/D y i'MjsKSTR-r. T'T -:?3';V7-< ;V;S' i o o 8 ij, 

2 0 1, y^JV^mJ&l 2 0 2, :feJ:at5 
+U-g?l 2 0 3&«^TVi^. 
[0 0 8 0] 7^;1/^I1IS&1 2 0 2«, f^g|5{CHPF 
(A-f /tX7W';i'^') , BPF (A*>hV1X7^';P 
^) , :feJ;i;LPF {u-/'%y.y^)i'^) ^m^T\^^ 

mn^i 0 0 7*»6ffl*$nfcjsj^x-^«, 7w 
;1/^'Ih}5^i 2 0 2fcA:^jb, z.n^^y^ )V^\z^^y 

[0 0 8 l]^^^4gl5l 2 0 lii, ^*EG1 0 1 2 
55^e.OifSX>^a-7'VEG(t) :feJ:at*;fXEGl 0 
1 3*^60x>'>^D-yaEG(t) *A:/3b, cnSfcS 
oVT, y'<)Vd'^^\ 2 0 2(Dt!yY:i-ymWk^Q 
■fS.Eony:^-^'. *5J;lK$+lJ-g5l 2 0 Z\Z^n^U 

[0 0 8 2] 5+-y-g5l 2 0 3«, 7^;i/^|llKl 2 0 
2*ie.©HPFC9tt};^, BPF®;±i:^. *5j;tXLPFO 

ai:'3, i6(>'tii^A:^jftj^x-^'$, mi%±m 2 0 1 
*^e.#^^nfcig-&tbT-g'&b. 

[0 0 8 3] «t;01 0*#fi8bT, v'^V-^)Vy^)V 
^10 0 Bf)^^m^tl1tm^y'-'&\t. ^^lUBSl 0 

0 QdA^^-r^. ^^tUi^l 0 0 9H, Xtihtzmi^^ 
-^\Z. *:t7,EGl 0 1 3:^^^.OX>-\P-7'aEG 

(t) tcso'vix, #aos4*&#^-r^. mpikt. u/n* 

-y^*f*#-r-5«-&«, x^^D-yaEGd) t±oT 

T^;^f>f4-r^«'&«. X>A^D-7'aEG(t) tCcto 

[0 0 8 4] ^*15I?§1 0 0 9 tctoT^^*«#^$n 
D/A^J^mi 0 1 0 tJ;^37:^□i^ 

^i^fi^fc^j^sn, •y-'^> Hv'j^T-A 1 0 1 1 
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[0 0 8 5] 'Atz. ±m<Dmi^^zsm2 0mMmT'm 

[0 0 8 6] 014tt, 04 (a) tmU(D^'7yr$> 
-5, f (x) ttMic^4S§l 0 2OPi:**L, j^iSl4 

0 2ttMlill (xn+1 =xn) Sa^fo CJIT. xn+I 
= f (xn ) =xn O^S-a-tt, A:^Mxn -A^^O^^'A 

fcf (x) (Difyyiimmm4 0 2^r}±^\z$>?>fs&m 

(•rfS.t>t. xn+l =f (xn ) >xn ©^ffl) Ttt, 
A:^L;^cxn <fcD:^#;'5:ltxn+l >{iia:'j$n§, jjftfc, 
KISf (x) Oiy57/6i|fli«l4 0 2 J:DTfi«fc*^|g 
m (-rts.t>t>. xn+1 = f (xn ) <xn CDlgg) T? 
tt, A^jLitxnJ:0/h$i&ffixn+l *«m:^J$n5. 

[0 0 8 7] -r^t)-^. KiCxn+1 = f (xn ) 
7*i^lil&||xn+l =xn O^^^^MSfLfc^gll (0 
<Dmm^l40 1) #xOffi{::i3Jj--5;^0rS''r5> 

[0 0 8 8] Lfc*toT. M»5i£48l*01 5 0±^fc 

fg4g§ 15 0 1 ^^ZSmWI^ 1 5 0 2 $ii;lTVi?>o IS 
^m^SE^i 5 0 Hi, A:^x-^x{cMb. ^-oi^,^ 

Toi^raa^)-ffi*^4-r^. mwm 1 5 0 2 tt, 
mm^mtmxti^-'Sfx^mwh. m^mtif (x) 

[0 0 8 9] iai6«. COfg0J©m3©||J|«iiJt«-5 

[0 0 9 0] ^Ml 6 0 1, J^-f-Jl/ 

Sf^? 1 6 0 2, :^mS§l 6 0 3, ^fcUlgl 6 0 4, /I 
7;><-:5'fS4Sl 6 0 5, *:tXEGl 6 0 6, ftl3fg 

1 6 0 7, *:t;^^Jiill 6 0 8, SJg^^'J 1 6 1 

1 , G 1 6 1 2 , m^-^ 16 13, D/A^t^^ 

16 14, *5J:Z>'1t'i7>H>'X-rAl 6 1 5*{|;iTVi 

[0 0 9 1] oL-if-fym^i 6 0 1 ^£iii#f-5t, 
i§i 6 0 3\t^cDmmmi^^mL. mmmm 

a *tB;'3l-^, :ioj|l#1f$gtt, W*EG16 12, 
/'^^^-^^^Igl 6 0 5, *3cktX*:tXEGl 6 0 6 
{c:A:^jt- -5. 3.~ifi)i^-(~jmi¥^i 6 0 2 ^Sfp-f 

^t, ;^ffi|§l 6 0 4tt^c!)^f^$;^ffib, 

4^1 6 0 5\zxti-r^. 

[0 0 9 2] n^^-t^^^tll 6 0 5tt, ±ii©01 
lO^Sfg^Sl 1 0 1 tl^^^OfeOT, ami 6 0 

3,1 6 0 4^^i^tiiti-^nrzmm'^m^^zsii^-f-)um 
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f-So *:t7.EG 1 6 0 6(i. 0 1 0 CD;*;;tXE G 1 0 

1 3 tmm<Dh(Di:\ ^mmi e o st-^i^tati-^nrcm 

$W$g*3J;t;/l7^-iS'^4l§l 6 0 SA^^mti'^titc 
SSf^fil^JcS^ViT, x>^D-:^MaEG(t) <£tH;^-r 
5. 1DJ?^1 6 0 7 tt, 011 0j)P#|gl 1 0 2 
©fcCDT, :t7-fe>>' hiiaofs <i:X>'^P— yfflaEG 
(t) i:<£iP»tT#i:a$)fMt-^o 
[0 0 9 3] ;^;;tX^Sggl 6 0 8«, 01 1 OS^gi 

110 3. in^ggi 104, asuii^i 1 0 5, *J;t^ 
10 ^s^iPiHiKi 1 0 6\zMf^-t?>. irut>%. j&^xf! 

Ii^l 6 0 8«, JPgSgl 6 0 7d^60^l^a*icl;t;/'? 
7^-^%^|gl 6 0 5*i5©^|g:b$A:'3L, iSJ^x 

16 11 *^&jg^jgx-^'d<ii!^^ffisns. 

[0 0 9 4] 7^*3, ;?J:tX5SigSgl 6 0 8CDHi:^-rsa 
J^x-^' (^^Ix-^') tt04~09TijiBJtfcJ;5fC 
^Slllf^-rs*^, dO^Jg^mS, H5 (b) ^0 6 

(b) ®=t5tc4g®*^©jStjg*J#<m;^J$n^J;5(c/l 
7;<-^'a. b*{M1i|bTVi«. Ctltt, m^ofsim/' 

[0 0 9 5] /l^^-iS'fg^igl 6 0 5«, A:^ 

L;fc^-3-HK^Si;T/l7^-:5'b (*<k(yJa) ©M 

iisr-s. /i7^-^'^*i§i 6 0 5tt, jj^-r 
-;pjgf^if^{cjKi;Tn^^-^bofit*$ij»-r^o ;i 

[0 0 9 6] FM^ii&5^g|§ 1 6 0 9 iJP^Sg 161 

osiattT, *:tx^igs8i 6 0 8*»6fll:^7^n•5&Jg 

T-^tML, FMg!91ig^iil§l 6 0 9d^&OFM^ 

[0 0 9 7] sj^^t'j 1 6 1 ifj^^m^m-^ntz&m 

x-^tt, m»i§l 6 1 3{CA:^-r^. *fc,.l=«EG 

1 6 1 2tt, amsi 6 0 3*^e.0tii#if?g(r^si;fc^ 

lX>^D-yVEG(t) ^mt^c m^Sil0 07 
40 «, jgjg^^'j 1 6 1 l*^e,OjSiJ]^x-:5'<>:W*X>'^ 

D-yvEGd) timM--t^z.t\z^'o. ^m7^-^\z 
x>^a~-f^n-^-r^. mnmi o oicDtati (x> 

'^n-7'<£#^Ufc&Jgx-^) tt, D/A^g|ggl6 

1 4\zxKi7±ommmz$^m-^ri. -^oyi^z^T. 

xAl 6 1 5tct0, teW^tlS. 
[0 0 9 8] 

[^momm &.±mmi.tz^^\z. ::0mm\zxn 

50 x>yy«)fi^lii:^pgfcatoTlE<t:-r^«fc3;a:»^fe4 
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■oiztti\t. =L—^<Dmmzmcfz=§&mitTf)^mm-c^ 

ti\z^r)^mU=§^(Dm=B^%^-V^?>o ig«tbT. 

[0 0 9 9] *fc> ^^7.=sm<Dmnu\z^-i'<D^m 

[011 J:o^W®^i©*J(5«»Jlc^S;*;:r;^5!iiig© 

[02] :^7^x!^SS§0Mic%^§g©«^{fiJ?£^-r0 
[03] ffiiEllIgSt3J:5«tiM©M**1-0 
[04] xn+l =f (xn ) OfiBl! (a<1.0 ) iSitJC 

[05] xn+l =f (xn ) OfllJ: (a=1.0 ) ^^XS 

[06] xn+l =f (xn ) (DW\.m (a>1.0 ) ^^XS 

[07] xn+l =f (xn) ®«iia: (a>1.0 ) ^^XS 
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[08] xn+l =f (xn ) (a>1.0 ) :fej;i;t 

[09] mmmo^nfmm^mioim^^'rm 

[010] ;i©^BJ©^2©||10iJIC^*^iffg4gB 

[011] m2<DMmmo^t}^7.^m.^<D-:fuy^m^ 
0 

[012] ^2CD^ifi0i|Ox>f >'i5';P7^;i/^oyo-;/ 

10 i7m^m 

[013] m2 0^M«sio:*;:tXEGOx>'>?a-:/© 

[014] mik^^m(Dmwi^mm 
[015] w^^g^sioffioflnac^n^^s-rs 
[016] ^(Dmm^z(D^mm\z^zm^%±m.m 

1 0 1 -gSlUK, 1 0 2-MiS^4^, 1 0 3 
0!^, 1 0 4-ti8l8S, 1 0 0 1 -Sl^aif^^, 100 
20 2-Wfi;^^y? (SW) . 1 0 0 3, 1 0 04-^ffi 
1 0 0 5"-:^7:tX^Jil§. 1 0 0 6-*-;i.h*lPl 

ss, ioo7-*#ig, 1 0 0 

1 0 0 9-^:lIPlSS. 1 0 1 O-T-f S^^JV^r^P 

^ (D/A) ^tftS. 1 0 1 i—y-'i7>H->;;^5^A. 1 

0 1 2-W»X>^D-^>'xt-l/-iS' (EG) . 10 

1 3-:^7:tXEG, 1 1 0 1 1102- 

nmm. 1 1 o 3-§mm. 1 1 o a-mw^. 1 1 o 

5 -jlSlHiBS, 1 1 0 6-ti?3.a|Hll?§. 
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